Abstract: OBJECTIVES: To investigate the relationship of heart rate (HR) and ECG time intervals to body weight (BWT) in healthy horses and ponies. We hypothesized that HR and ECG time intervals are related to BWT. ANIMALS: 250 healthy horses of >30 breeds; 5.5 (1-30) y [median (range)]; 479 (46-1018) kg. METHODS: Prospective study. Standard base-apex ECGs were recorded while the horses were standing quietly in a box stall. Mean HR over 15 s was calculated and RR interval, PQ interval, QRS duration, and QT interval were measured by a single observer.QT was corrected for differences in heart rate using Fridericia's formula (QT(cf) = QT/(3)√RR). The relationship between ECG variables and BWT, age, sex, and RR interval was assessed using multivariate backward stepwise regression analyses. Goodness of fit of the model was improved when using log(BWT) compared to BWT. Body weight was overall the strongest predictor of HR and ECG time intervals. Therefore, only log(BWT) was included as an independent variable in the final model. The level of significance was p = 0.05. RESULTS: HR (R(2) = 0.21) showed a significant negative relationship and PQ (R(2) = 0.53), QRS (R(2) = 0.23), QT (R(2) = 0.14), and QT(cf) (R(2) = 0.02) showed significant positive relationships to log(BWT). CONCLUSIONS: Small equine breeds undergoing routine ECG recordings have slightly faster heart rates and shorter ECG time intervals compared to larger equine breeds. Although the magnitude of absolute differences may be small, body weight needs to be considered among other factors when comparing HR and ECG time intervals to normal ranges in horses. 
ABSTRACT

21
Objectives -To investigate the relationship of heart rate (HR) and ECG time intervals to 22 body weight (BWT) in healthy horses and ponies. We hypothesized that HR and ECG time Conclusions -Small equine breeds undergoing routine ECG recordings have slightly faster 39 heart rates and shorter ECG time intervals compared to large equine breeds. Although the 40 magnitude of absolute differences may be small, body weight needs to be considered among 41 other factors when comparing HR and ECG time intervals to normal ranges in horses.
42
INTRODUCTION
43
A negative association between body weight (BWT) and heart rate (HR) has been observed 44 across a wide range of mammalian species. [1] [2] [3] Furthermore, it is well known that 45 electrocardiographic (ECG) time intervals vary with heart rate and body weight. Within the equine species, small breeds are generally thought to have higher heart rates 54 than large breeds. Historical data compiled from a variety of electrocardiographic and 55 hemodynamic studies [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] on a total of 484 horses and ponies suggests that small breeds have a 56 slightly higher resting heart rate compared to large breeds and draft horses, although some of 57 the data were inconsistent (Fig. 1) . However, despite the clinical importance of heart rate and 58 the large differences in size among different equine breeds, there is little specific information 59 about normal heart rates and ECG time intervals in horses and ponies in relation to body size.
60
The goal of this study was therefore to investigate the relationship of HR and ECG time 
ANIMALS, MATERIALS AND METHODS
65
Study population
The study population was chosen prospectively from the hospital population at The Ohio Haflinger, mixed breed).
80
All animals received adequate human care and were treated during the examination 81 according to the ethical guidelines of the universities. 
Rhythm analysis and measurements
92
Rhythm analysis and measurements of ECG time intervals were performed by a single 
Data analysis and statistics
106
Graphical presentation, data analyses, and statistics were performed using commercial 
RESULTS
131
The majority of the horses were in regular sinus rhythm (NSR) during the examination.
132
Fifteen horses (6 %) showed arrhythmias related to high vagal tone, including marked sinus The results of the univariate regression analyses are displayed in Fig. 2 and 3 . HR 15" 139 showed a significant negative relationship to log(BWT), whereas RR, PQ, QRS, QT, and QT cf 140 showed a significant positive relationship to log(BWT). analyzed after log transformation of BWT), whereas the remaining 79% must be explained by 151 other factors or inherent variability. This is not surprising, since resting heart rate in healthy 152 animals is known to depend on a variety of other factors, including age, sex, temperament, 153 athletic condition, and possibly breed.
7,29
While a significant influence of age and sex could 154 not be shown in the present study on horses ≥ 1y of age, the effects of temperament and 155 demeanor, athletic condition, and breed were not evaluated.
156
Some horses might have been slightly stressed because of the hospital environment, the 157 physical restraint, and the data collection procedure. In fact, the prevalence of second degree 158 AV blocks in this study population (8/240, 3.3%) was markedly lower than reported for 159 horses examined at rest (15-23%) [30] [31] [32] and for horses undergoing 24-hour Holter ECG often not in athletic condition and therefore may have a slightly higher resting heart rate.
180
However, this may also apply for many giant breed horses, which however, according to the 181 present study, do have even lower resting heart rates than medium sized horses. Therefore, 182 population wide differences athletic condition probably cannot explain the weight dependence 183 of HR found in this study.
184
In mammals, the specific metabolic rate (ie, the metabolic rate per unit mass) decreases 185 with increasing body size. Hence, energy metabolism is higher in small compared to large 186 mammals. 34 This has been linked to the inverse relationship between HR and BWT among 187 mammals, since the increased relative need for oxygen and blood flow in the small animal is not achieved through a relatively larger heart or stroke volume, but through an increase in 189 heart rate. 35 However, there are some data suggesting that energy metabolism might not be 190 inversely related to body weight within the equine species. 36, 37 Hence, differences in specific Nonetheless, it was interesting to find that QT cf was nearly 214 independent of BWT, suggesting that most of the differences in QT were indeed related to 215 differences in HR, but not to differences in BWT.
216
As a limitation of this study, general health was determined based on history and physical However, since occasional premature complexes can be observed even in apparently healthy 222 horses, [46] [47] [48] this finding is inconclusive. These two horses, that were considered healthy based 223 on medical history and physical examination, were therefore not excluded from the study.
224
Because of the large number of horses in the study population, the error introduced by a few 225 horses possibly suffering from subclinical cardiac disease was considered minor. 
CONCLUSIONS
228
In conclusion, the present study shows that in clinically healthy horses undergoing routine 
CONFLICT OF INTEREST
251
No conflicts of interest to disclose.
252
FIGURES
253
Figure 1: Heart rates reported in electrocardiographic and/or hemodynamic studies on a total 254 of 484 horses and ponies, grouped by breed.
9-27
Each dot represents the mean heart rate 255 reported in the respective studies. 
